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LT. INTRODUCE 
he AREA OF RESEARCH 
The research presented is a "Cost Benefit AnalystSueaw 
Installing a Recovery Exercise Module (REM) in a Cruise 


Missile For Operational Test Launches = Oia. 


B. “RESEARCH QUES DTCs 

The questions to be answered, in this research “sigue 
Center On One lala €veerie a. Is it cost beneficial Tomei 
Cruise Missile Project Office (CMPO) to have a REM insane 
in the Sea Launched Cruise Missile (SLCM) for its )@axxes 
order to recover the missile and refurbish it fOr tee 
use, or is it cost beneficial to destroy the missile, 
build a replacement? 

SUbSIidilary questions Include. 


- ls it beneficial to destroy only certain typesiiem 


missiles, such as the SLCM nuclear land attack Misia 
(TLAM-A)? 

- Can the Range Safety System (RSS), required on all test 
launches, be installed using the Non-Tactical 


Instrumentation Kit (NTIK) being developed by General 
Dynamics for use on the Air Force Ground Launched (Cmiiaa 
Missile (GLOM)? 

- Ils it cost beneficial to build a new redesigned REE 


replace the current REM model. 


CA Oi Seuss lON 

ico cb occ (COmENCmelowine threat of the Soviet surface 
Pict mana eNecrlise Missiles in the early 1970's, the Navy 
conducted studies to analyze the feasibility of developing a 
submarine launched cruise missile (Conrow, Stage, and 
Eetehour wpe. § 1902)."5 “During this same time period the Air 
Force was engaged in the development of an Air-Launched 
Pesce Missile (ALEM) . Due to system similarities, cost 
Cmmeecr1veness | WaswecouUght for the project to "maximize 
Pubs yvystem;component commonality and quantity buy, to utilize 
Cli veonnt test and evaluation, to encourage subsystem/ 
second-source competitive procurement’ and Exe. otherwise 
derive maximum benefit from the joint service management of 
several separable cruise missile programs" (SOmrow, ‘SV UaLGe| aie 
mdm Barbe@iires p.« 12, 1982s Subsequently, reduced costs of 
missile testing also became a major objective. 

"The modular design of the cruise missile permitted the 
use of a REM which allowed a parachute section to be 
substituted for the warhead portion of the missile when not 
fee-deqerorethat marticular test" (Conrow, Smith and Barbour, 
ie 35 gis 3o.. ine REM “provides for range safety, override 
eonmand™ control, redexkineg Svand ~ telemetry.” iht<ecis .also 
equipped with areceiver decoder, pulse code modulated 
ecoder, S-Band transmitter and C-Band transponder. When 
the REM is not utilized, a Range Safety System (RSS) must be 


Mit lized for safety precautions. iMesh oom provides for 


identical functions that eCxiSt ieee with the 
exception that it does not provide for missile recoveme 
(Joint Cruise Missile Project, pve eee) 

The original projections concluded that the use Of Sain 
and subsequent refurbishment costs would result in ties 
of a recovered missile being 10% of the cost of bullG@iiiaae 
new missile. Both the REM and the missile (Couix=sees 
refurbished and reused. Additionally, it wasS projected mamas 
the REM could be utilized for four separate flight 2. 
during’ 11S ost -ecte..essc However, to date only one Of ae 


current REM models has been utilized four times and several 


have been destroyed in unsuccessful test flights. Moreover 
COSt Of The REMe. as well as REM and missile refurbishment, 
have dramatically escalated. Hidden costs of the REM Syveten 
have also been materializing. These include Government 
Furnished Equipment (GFE) used in missile and REM 
refurbishment, salvage and recovery costs to return a 
reusable test missile to the refurbishment facilipe 
additional “logistics costs. costs for additional Governiieme 


personnel to monitor the REM project and new REM development 
COSTS. Unfortunately all costs of the system have not yet 
been identified, and costs of the system are not CenGimaue 
managed. 

This study 1s intended to identify tne costs eee 
testing procedure and to identify possible alternatives (vs 


this system. 


Deeeoeore OF THE THESIS 
There are several variants of the Cruise Missile that 
have been developed since the inception of the project. The 
ALCM, Cite mate Panic wenicn omen Serve many different functions 
Mbomim the defense Organization of the United states. 
PMemLomeiec cost and @auimwcrs Oto missiles involved in the 
eroduet10n DeOceaos, testing of the missile has’ been 
extensive. IiMMm—=MOn@em er vOseclL Deen, On COStS of testing the 
feostile the REM 1S utilized when conducting many of the 
eis. 
pice resecaren study Will evaluate the cost of utilizing 
ies heh within the Navy's test program. These include the 
Eollowlme Versions of the SLCM: 
1) TLAM-A which is a nuclear armed land attack missile. 
“ilo | iageurecal Antt=ontp Missile) which is a version 
Hime ne ship. tO Ship missile. 
3) TLAM-C (Tactical Land Attack Missile - Conventional) 
which is a conventionally armed land attack missile. 
corvatiemm1ssille Weeconfigurations, such —as the | TLAM-D 
Putetiecal Land Metack Missile -~ Multiple Payload), will not 
be evaluated. USecwOtmwrnc REM) On these versions of the SLCM 
are MOotm~practical due to the size of the payload. 
madttionally, all test missiles that have been scheduled for 


meal destructlon will also be eliminated from this study. 


E. METHODORGG 

The data for this study were collected using a  Vaieieuee 

’ 

of methods. The use of interviews provided pe rst@ie 
experience and background for the study: Personal obS@itwae 
tion at the CMPO and General Dynamics Convair Divisaiag 
(Gpy-c) helped relate the theory basis of the Study) ques 
actual methods used in cost collection. Historical dai eee 
collected from a variety of publications On Che ueigeeee 
Mies Le, including the Rand Corporation notes on theme ieaae 
acCQuis it won  hvsieo ry Current projects on the future Useuam 
the REM were collected from documents and reports prema 
by GD/C and the CMPO: Finally, collection of actual eae 


data from Navy contracts covering the previous four a2 


provided the relevant information to complete the analysis. 


FP. DEFINITIONS ANDIDESCR TEL eS 

Air-Launched Cruise Missile (ate. Strategic niss ii 
used by the Air Force as a standoff weapons syStem ite 
DEnetrate Soviet arrwdet enoccr It is built exclusively eae 
Boeing Aircraft Company (BAC). Its major launch plavi oie 
the B-52 bomber, which can carry 20 missiles in its 7o— ae 
Packs. The ALCM can carry a nuclear warhead 1500 nautical 
miles (NM) (Betts, p.46-47, 1981). With fewer variants then 
the SLCM and greater production schedules than the SLCM Sama 


GLCM, the ALCM has the least coOSt perenne. aie 


All-Up Round (AUR): Missile airframe, sustainer engine, 
booster, Chemo dances yStem sethat are contained in a 
Sous wecreemisced ss CO Senhorccres the missile during” handling, 


tmanmignor lL Ne peandepeniodssof storage. 


faouwnd—hoauaeneodmeirutse Missi ites (GLCM)< Tactical missile 
used by the Air Force and NATO forces in Western Europe. ie 
has a1500 NM range and carries a nuclear warhead. JIE Es Bere 


Prien dmcon ceuck Haunehing platrorms called Transporter 
Preebor seLaunchersmelELs) Pec mbsiweeps 9-580, 19ST). The 
eco Se Sim bapein size to the TLAM missiles and uses 
Down an ginertdal sand) Terrain Contour Matching (TERCOM) orm 
Guesuidance system (Hobbs, p.15, 1982). 

lei wlaericl lea lnisimumentation Kit (NTIK): 


The GLCM NTIK is a payload instrumentation package 
compatible with the war reserve W84 payload canister and 
Cabling. It emulates the W84 electronic outputs to the 
Weapon Control System and provides necessary ballast to 
maintain missile center of gravity and moment arm 
embarecteristics EMmoOueheu t the eek sive] gue DrOr ile, 
Instrumentation in the NTIK provides for range safety 
eonvrol (including emergency flight termination), radar 
Signature enhancement, and prelaunch/inflight telemetry 
of real time missile performance data. The NTIK does 
not provide for recovery of the test missile. Fo 
provide NTIK interface with the operational missile, 
Wiring harness modifications and the addition of cable 


Sonnecvors are required. These changes must be 
incorporated Chieti tL ayes missile Deodue cilen Ore 
BeGoruilt ication. The Viviane COMoihe (Saw ol Ne weawilring 
Wiewtecoo,oOCclal Mose cone with S-band, C-band; IFF, and 
Range Safety System antennas; and the instrumented 
warhead casing. Ciomideeeand Myers i \oe lee 1986) 


This is a new system being developed for the Air Force which 
makes the place of the RSS. Reomadavantvagze over the RSS is 


that the NTIK can be replaced at the field level versus 
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having to send the missile back to GD/C for (thea 
installation. (Joint Cruise Missile Project, pally eee 
Recovery Exercise Module (REM): Replaces the missile 
payload section during OTLs when recovery and refurbdishmems: 
of the missile tera tlemaca: The REM uses a system of three 
parachutes so that the missile” Landing. minimize 
structural damage. The REM also provides for range Sa@tenu se 
override command control, tracking and telemetry. EQuipmenme 


installed in the REM include a pulse code modulated (PCM) 


encoder, S-band transmitters C-band transmitter and a 
receiver decoder. (Joint Cruise Missile Project, p.6)3neeee 

Range Safety System (RSS): Similar to the REM in all 
GOSpee bon except that it lacks the parachute reconmem:, 
mechanisms. Therefore, the RSS is used only On £ahee 
determined to be a target hit. (Joint Cruise Missile 


PYOJect. pic. elgco) 

Recertil teativon. Maintenance procedure performed on 
Cruise Missiles at predetermined intervals. For the TASMime 
is 30 months and for the TLAM missSiles it is 36 )moenieiee 
Recertif teation incmudes 


removing payload, maintenance and test of guidance set 
components, engine removal and replacement, air vehicle 
test and inspection and rocket motor removal and 
repla¢ement. In addition specialized processing such as 
environmental stress screening, inspections, SUrVeVen 
and engineering order incorporation may be performed as 
part of the AUR reliability improvement program. "“(Jousme 
Cruise Missile Project, pu72. ecu 


lee 


RetuUrbashment: reTruraiaer a missile and/or a REM to a 
iecabbemmcondttion “alter an OTL. Reel iigesmeice placing 
Spon deaolews parts, —scalabrawins various reuseable parts and 
fepairing —the missile airframe. Me eerurpishment procedure 
completes all Ehe tests required during missile 
bomemetaf i cagzion. Therefore a missile “that has been 
Pelee aeaOecsS NeOeerequrre recertification until the full 
Memeth Of tts predetermined maintenance interval expires. 


(JCM-1963, p.44, 1985) 


Seance heaieerullSsee Missile msoLCM): The most diverse of 
el.) versions ent tae. Cruise Missile. Nicknamed the 


"TOMAHAWK" it has been responsible for vast improvements in 
Bem Navy's anti-surface, as well as overall, military 
Capabilities in an era that has seen an unprecedented build- 
up in Soviet Naval rPermees:. There are four different 
meritamts Of the SECM all of which can be launched from 
Submarines or surface ships. 

The TLAM-A nuclear-armed land attack missile is a 
tactical missile capable of carrying a 200 kiloton warhead 
moO “It is identical in size to the GLCM. 

Micwevincolseade tactical missile that is Similar in size 
to the TLAM-A. However, due to its conventional payload it 
carries a much larger sized warhead. Therefore, its range 
Meediminished to 7OO NM. (Betts, p. 46 - 48, 1981) 

The TLAM-D is a tactical multi-warhead missile that is 


Similar in size to the other TLAM missiles. The missile is 


i 


capable of dropping multiple warheads onto various areas wees 
a given target, usually an enemy airt itera 


TASM is amore advanced version of the Harpoon missile 


(anti-ship missile now used in the fleet), with twice the 
payload and four to five times the range (300 NM). Due to 
Ls missile search capabilities 1U “@arriwee a more 


sophisticated guidance system than the other SLCM Vani 
(Betts; ps 46 = 5C soe 


The Navy is retrofitting the Spruance class (DD963) 


desurovers. nuclear powered cruisers, battleships, and@ioge 
submarines to carry the Tomahawk. The Aegis equipped 
Ticonderoga class (CG47) cruisers and the Arliegh Burke 


class (DDG-51) destroyers configured to handle the SLCM. 
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Te. SACKGROUND 


Peet os Onn PERS PEGI LV E 

ice cl Ul sci SoSMmeCEceNOu an -anmevation of» the last 
several decades. tieemac Ct, Per oows =O almost as far back 
as the advent of the flying machine. The earliest version 
dates back to 1915 and efforts made by Peter C. Hewett and 
emer A. Sperry, Omen da “flying bomb." Moa’ Gary 


interest in this new weapon was not significant until the 


United States entered World War I. Pca Gai bees, the Navy 
awarded the sperry Gyroscope company a research and 
mevelopmentecontract for the “flying bomb." However, early 


technology proved inadequate to support the weapon and the 
Prosram was canceled in 1922. (Werrell, p.7, 1985) 

iftew ei test Successful use Of an air breathing missile 
fiaeanot come until World War II. The Germans developed the 
mi buzz bomb and the V-=2 (a ballistic missile version of 
the V-1). Both missiles were similar in range (150 miles), 
payload (2000 pound warhead) and accuracy (within 8 miles of 
their target, 80 percent of the time), however, the V-2 was 
Mmicmetastber and [far less vulnerable to interception by enemy 


air defenses. 


The success of the German V-1 and V-2, along with the 
advent of nuclear weapons, enhanced U.S. Mtveres&t ina 
eeuise missile. After Worid War II the Navy and Air Force 


5. 


made several attempts at building 4 Crugsa 7. eS Tre 
Navy undertook the development of a cruise missiles 


could be launched from the decks of surface Ships ieee 


submarines. Pie 195 the Navy introduced the RKeaguiime 
missile. It had a range of 500 miles and a speed OFM 
miles per hour (mph). In the late 1950's the Regulus ee 


introduced, with a range in excess of 0G 0sn =. _- 

During this same period the Air Force began intYrodiieaaas 
its versions of thepyGrurse Mass i iee The Matador, with asoge 
mile range and 650 mph speed was tested as early as 1949. 
The Mace was introduced about 1956. It had a range of 1200 
miles and a speed of 650 mph. However, this version used an 
early form of terrain correlation and map matching  sum@anee 
system in place of the early ground control guidance Systeme 
(De Paz, p.79-80, 1983) 

Unfortunately. the early missile systems carried 6 72 
sized warheads and had inefficient turbojet engines with 
heavy power requirements and highly inaccurate @0as@2ae 
systems. The high trajectory flight paths also made )theee 
missiles highly vulnerable to enemy air défense Ss) seee 
Theret omes research and development funds were shift led ge 
the development of the ball PScae missile system. 
(Pratverart=p. 6. 1077) 

During the 1960's the Air Force still worked =o” —a 
development of an air breathing missile, but these were fo 


be used as an added dimension to eure B-52 bombers. The 


as 


Tone oom otic witha range of (00 miles and speed of 
Meee emeWwas tbe be USed as a Standoff weapon system and the 
McDonnell Douglas Astronautics Company (MDAC) Quail was_ to 
be used as a decoy missile to simulate the B-52 on enemy 


modare (De Paz, p.81, 1983) 


Pao beaNe CRULSE MISSILE DEVELOPMENT 

During the 1960's vast improvements were made in the jet 
engine, guidance system reliability, computer size _ and 
€apability, AS Veeweeaomeerlralm Contour matching systems 
Soe RCOM) . These advances made the development of a cost 
Peeectvive cruise missile a reality. Pov lgoee the Air Force 
began development of the Subsonic Cruise Armed Decoy (SCAD). 
It was to be used with the B-52 bomber to weaken enemy air 
defense capabilities during a nuclear strike. The Strategic 
Air Command (SAC) war scenario was to use this new weapon to 
assist the B-52 in penetrating the enemy defensive zone. 
However, the Office of the Secretary of Defense (OSD) wanted 
bo Utilize the SCAD capabilities as a standoff weapon and a 
suostitute for the B-1 bomber. Withee pRespeect Of the 
loss of the B-1, the Air Force became less than enthusiastic 
in promoting the new weapon system. 

Pirtmee the “early 1960's the Navy saw little need for 
cruise missiles. Remortatety consis tedwor USing “aircraft 
carriers to make deep strikes into enemy positions and the 


tee Of ballistic missiles. Piewoovwluet Union’ s strategy 


during this period did include the development oO) eo.) 
missile systems. liseucley 7 the launching of a SovlevU Wig 
missile would quickly alter the Navy's policy wWwhenaee 
Egyptian Navy, using a Soviet missile system, sank the 
Israell destroyer reat. 

By 1969 the Navy established the Harpoon anti-ship 
missile program. The airframe would be built by MDAC, and 
it would carry a 500 pound warhead 60 NM. In 197 59a 
Harpoon received production go-ahead and by 1979 the Navy 
had over 1000 missiles in) its adnventom 

In the early 1970's the Navy conducted studiesiiies 
determine the feasibility of a submarine launched ic 7a 
Missile. This effort was carried out under a separate 
program within the Harpoon project office called) Gram 
Missile (Advanced). 

in 1972 the Strategic Arms Limitation Treaty ) (27g 
agreement gave the cruise missile an unexpected boost The 
treaty limited Sea Launched Ballistic Missiles (SLBM game 
placed no limitations on any cruise missiles. The Navyewaee 
therefore, able to convince Secretary of Defense (SECD ER 
Melvin Laird that the cruise missile would give the —9Umee 
strategic and tactical weapon systems at relatively low 
Costs. By April 1973 the SLCM established itS Own projeee 


office. (Werrell, p. 146-153, 1985) 


ieeeowune ss )orso othe SCAD “program had been officially 
etc eimed- selniss, Woewever, was short lived as the program was 
revived in December, under the name ALCM. 

Although the Navy and Air Force were running two 
mea ave me Utce Misstwespregrams there was a great deal of 
cooperation in the development of key missile components, as 
©SD stressed system commonality. EhesSensorocess would 


increase Cost effectiveness of the Cruise Missile as DOD 


fied fully “utilize quantity buys, test and evaluation 
requirements, 7fOolne wepranning= requirements for future test 
pee ect Si, and subsystem/second-source competitive contract 
agreements. (Convo —m—momeetne andesarbour, ip.12, 1982) In 


Mereber 1975 MDAC was selected as the contractor of the 
Buidance system for both the SLCM and the ALCM. In March 
1976 GD/C was selected as the SLCM airframe contractor and 
mie Maye 1976 Williams International Corporation (WIC) was 
Selected as the SLCM engine developer for the ALCM. 

Although BAC had been working on the development of the 
meee (BAC was also the airframe contractor for the SCAD) 
rem as pursuing an air=-launched version of the SLCM. 
Since it was not cost effective to use two separate versions 
of the ALCM, BAC and GD/C were locked into a competitive 
miyotr in September 1977. Ene cme Lecemassoctatpion with SAC 
and its projected two year development lead of the ALCM put 
GD/C at a decided disadvantage. However, GD/C was able to 


bridge the developmental gap with a more aggressive and cost 


1 


effective testing program. The missile modular  desiaam 
permitted GD/C to use a parade cua. = The REM was 
substituted for the warhead portion of the missile when it 
was not required for a particular gecr This allowed Give 
to recover the missile, with minimal=dan2c. and evaluate 
the individual systems within the missile. The missile was 
then refurbished and reused for additional tests (Conrow, 
Smith and Barbour, p.33, 1982). Despite these developments, 
BAC'S overall understanding of the B-52 and SAC helpediiiae 
stave off GD/C's advances and wasS awarded the ALCM cContGrmags 
in April mee. The decision marked the ALCM's transition 


irom. the  J¢CMPO, which was established after the Defense 


System Acquisition Review Council \(DSAnROG eee decision 
memorandum in January 1977, to ASD at Wright Pattersoiaias 
Force Base (WPAFB) (Conrow, Smith and Barbour, p.61-68, 
Lohse Besides its establishment of the JCMPO and its 


assignment to conduct the ALCM competition, the January Sie 
DSARC II directed the development of a GLCM using Tomahawk 
technology: 

Again commonality of the Cruise Missile systems as well 
as its modular design would play a major role in the GbGre 
development. Due to the common “airi rane, engine, and 
@uidance system between the TLAM-A variation of the SLCM ana 
the GLCM, test data obtained from one was directly 


applicable to the other. 
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a ee 


iicmeobotehias Seen the bDiesest benefactor of commonality 
ae vom che —NUMNbDemmOofmemissile variants. The test and 
Pioeoren es propram Meuorecach Missile variant Has benefited 
meonmedata —eatheredmenwe lls from other missile variants. 
mae eenieineweasemet wate ce laumen tor viuhes TASM, which uses a 
Metierent guidance Ysystem than the other SLCMs, data 
gathered on airframe, engine, and warhead fuzing performance 
meee abDplicable to tme PTLAM missiles. Conmonalaty and the 
moea@ubar design also allows thes Navy to change the mission of 
Seo cote by Simply Cmanginge Sections forward of the wings. 
iaerehore, a Ccrudgse missile originally built as a TLAM-C can 
Pemegonvertved into a LASM. {(Conrow, Smith and Barbour, p.33, 
1982) 

On 1 October 1986 the Air Force/Navy JCMP was 
redesignated as the Cruise Missile Project (CMP) and 


assigned as PDA14 within the Naval Air Systems Command. 


freee tHE RECOVERY EXERCISE MODULE BACKGROUND 
iicmentMewasedeveloped by GD/C in 91977. The wvorhe inal 
iMieeitp Of the REM was to aid in the recovery of its own test 
missile and to make it practical to evaluate the effects of 
a missi®e launch on the various missile systems/ components. 
The recovered missile could then be refurbished and equipped 
ieaddithenal Lest flights or it could be fitted as a fully 
Siperational missile. Ali eeits Ss ecould=epe accomplished at a 


feteaction Ou paewecOocem 1[Orlta New Misstle and in less time 


Z| 


than it would take to build a new missile. Therefore, aL jal 
keeping with the cost effective nature of the cruise tiseaee. 
the Navy decided to use this procedure on the prodwecian 
missile they would be testing: 
For OT Rel ivapo sire the SLCM TEMP directS that 
contractor will guarantee that a specified percentages 


Tomahawk flight test missiles will successfully fy eae 
specified missile profile from the launch plati @tia 


the target. Flight test missiles will be randenie 
selected from fleet assets by the Navy and returned to 
the contractor for the REM or RSS) insta Dual 


government and contractor inspection will occur §auaae 
this evaluation to ensure that REM installallonwieag 
minimum checkout is performed to ensure similarity see 
Che present fleets porulaticnh. The missile will then be 
returned to the designated launch platform for firing. 
(Conrow, Smith and Barbour: Appendixes, peat yeas 


The REM would permit an estimated 75% of SLCMs to be tested 


and recovered. The missile could then be refurddstege 
rearmed, and returned to the fleet (Conrow, Smiths 
Barbour: Appendixes, peti, i1cazem REMs could alsowee 


refurbished and used again if the missile is recovered. 
There have been various models of the REM 3s aie] 

DprOoocran’s gain@ep.cacom, The earliest model was used by GD/C 

and the Navy in tests conducted between 1977 and 1983. 


During this period two test failures were attributed Coa 


REM (see Figure 1). In late 1983 the Navy began using the 
REM Stiame an current wse. It provided for better telemetry 
data am@ tracking. During 39 OTLS uSing the REM Detwern 


October 1983 and August 1986 seven REMS were expended aS 4a 
result of problems with the cect This provides for ani 


loss rate (Rosenblatt occ 


ea 
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DD. REM REDE 

Gp is currently the only contractor CapaGij=uuaes 
building/rerfurbishning Wale kere Current goals are te 
redesign the REM for improved producibility, reliabiliji =a 
maintainablilivye If approved, the new REM could goa 
production by late 1988 (Joint Cruise Missile Proje@Gyyee 
61-64, 1986). The major features, as demonstrated in 


Figures 2 titwenwech es. also include the ability to meta 


the REM for reuse in less time than the current ) Rete thus 
decreasing the need for additional REMs. The new Pulse Code 
Modulation (PCM) encoder will enhance telemetry data from 
the missile. The old PCM encoder, used on most current eae 


models, had experienced a 50% failure rate. 


The FY87 acquisition approach is currently "oilama 
as a sole source contract award to GD/C for  REM7nee 


hardware requirements. The sole source juStif iC aie ae 
based on the unique development experience of GD/C, tne 
Original designer and developer of REMS/RSSs, and the 
limited number of unitS procured cach year GD/C and 


MDAC have been transferring and exchanging techniteal 
data as part of a competitive dual source progran ees 
the AUR. The REM and RSS kit data package, however, has 
not been a part of this exchanges pve The current 
data package that has been generated is not adequate for 
competitive reprocurement data package. Therefore, the 
government did not buy engineering drawings adequate for 
competitive reprocurement of REM and RSS kis. Along 
with @the fact that GD/C is the only company having aera 
expertase to manufacture REM and RSS kits, GD/C is alse 
the only company capable of producing them ina timely 
fashion. (Joint Cruise Missile Project, pales oece 


Drawings and a data package are being procured from GD/C and 
component subcontractors in order to compete productl@i aa: 


the REMe ancien s4 
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ii wer orcen mis CUrrenmtly developing a newly 
Cease c oom ee calmed the Non-Tactical Instrumentation 
io te 1 ormunecorocratton into the W84 container for 
Piette —t Telede hEM/ Ros. installation. This new package 
will allow field replacement of the warhead section with 
Ey (oilsveney eye elise ingore its thew l be used for terminal 
Ver tcmote mane aeeas lot Nave che Capability to recover 
missiles. Tats Sci tomer start in FY8/ and satisfies 
Se toe rot necminand requarements tor OTL flights. 
Comemact “award t or the GLCOM NTIK will be in early CY87 
with the first of 20 NIIKs being delivered in December 
ice cme CrudseeMissmilembmemect, p.10, 1986,) 

Doce uO te dm chorea nensoms required for OTL flights 
when the missile is not equipped with a REM. iho So be 
enable pice §1 Ope tO SDbDeCew cerminated in the case eng 


Hie orrecrable problems, while the missile is in flight. 


Peco Bete S)T PROCEDURES 

Micmw ev ODNts  htehlysanterested in ensuring Chat the 
Teeeeeco ene y procure will be Operational, i jaleerclsGls Two 
MimeoG@ao wComerlbpute Co operational readiness: 

meeMtssile system readiness: This includes storage and 
ower = reliability as well as launch and hit 
DhODabilities. 

2) Platform readiness: Pheer eirelates 6 thes ship or 
2oMiiee., avid omar UNCtLOnN Of launch control system 
availability. 

(Meme FEMP Staves that: 
anti-ship and land-attack Tomahawk Cruise Missiles are 


being procured under an AUR warranty concept which 
mieludes —contraccor Maintenance for the life cycle of 


mae Weapon system. mueeccotMMeececomplushment of the 
warranty will pemeocverEmMined Sin terms or cine c 
Guarantees: Missile OTs Ne Wea by ; Missile 


2g 


Recertification/Readiness Reliabi ise... and Missile 
Turnaround Guarantee. (Conrow, Smith and Barbour 
Appendixes, p.41, 1982) 


For recertification, missiles are Shipped bDack \tomuauee 
weapons depot for further Shipment "vomcur ee in San Diego, 
California or MDAC, in Titusville, eae, Nuclear warhead 
missiles are shipped to a depot for warhead Srena ws pri¢Gm 
to shipment tov Gd7 Gena Ie. Recertification cycles areas 
months for TASM missiles and 36 months for TLAM miSsaeaee 
(Joint Cruise Missile Project, p.72, 1986) In the Gaeeue 
missile recertif teattvon thewecn tracer. 


Will guarantee that a specified percentage of Tomahawk 
recertification tests and sample readiness tests on 
missiles will successfully meet test requirements. The 
warranty recertification provides planned test 
maintenance actions which are specifically designed to 
renew the contractor's confidence in the wWwarrantabdi iia 
Of the missile. The readiness test will be performed on 
a sample basis as selected by the gsg0vernmen tae 
extensively exercise the missile in a simulated mission 
environment test. PCONnTrowe Smiaeia and Barbour: 
Appendixes, p.42, 1982) 


For the missile turnaround guarantee, the contracvaise 
will guarantee that all recertified missiles willie 
returned to the fleet in a specified tine Jpewiec- (Conrows 


Smith and Barbour: Appendixes, p.42, 1982) 

The operational test launch procedures are much ie 
complex > than that of missile recerttiteatweane Just as ag 
the recertification procedures the missiles are sent back to 
GD G- After the missile is defueled a REM or an RSS) 
placed into the missile in the same section previous 


reserved by the payload. If the missile 1S meant {OR a 
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fosteulerron test the HSS will be installed. Mime md Ss 1 ie 
is meant to be recovered a REM and REM peculiar kit will be 
ies valled. Cieomiiscittc Swemenemmcetucled and transferred to 
Pewee mare hon fOr firther transfer to a fleet unit. The 
Tees Swlemetcav ee WhitGlime@cculs from an at Sea unit is usually 
Semeaquled= tO destruct” Sor, set down on a land target. 
fieovarlon 2ear iS sinstalledwin the REM if the missile should 
mama in gehe water. Moperee OFS an illustratiom of a land/ 
sea touchdown. 

After an RSS missile test, salvage crews will pick-up any 
remaining pieces and box them. Mavemransh eM missile test, 


Salvage crews decontaminate and crate the missile for 


Smipment back to GD/C. The shipment Gan be by land or air 
earrier, however, special precautions must be taken 
eearatines tie clhassvried nature of the missiles. Upon 


return to GD/C the used REM is removed and refurbished for 
Pture use @©n another test missile. hicvmissiike iSaeal so 
refurbished and either a new/refurbished REM is installed 
Meneecodditional® gesting or the missile is returned to a 
sonadrtiom, for operational use. If the missile is a TLAM-A 
its warhead is replaced at a designated depot. The missile, 
once completed, imompped back to the weapons Station for 


MirGher =tiransiter to a fleet unit. 
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Pelee Osolw ANALYSIS 
ee Sweet.) LbW 
iiemeoc tom tnyolvedsin inatalling a REM for OTLs versus 


Pony ie escoumbast lee thane hos will be the subject of this 


chapter. Coss Sitwemwedeiwieanatallawe a REM in a@ missile 
vary, Dim cceomieoemw limited tO COStS SUCH as purchasing the 
eM , faborwrechargses or unstallation.,, gpovernment personnel 


Seats 1 Cease aese dedicated to the project, and transportation 
SOsts Of Shipping a recovered missile. There are costs that 
are unavoidable, Memmatter what method of testing 1S used. 
These costs include the use of a Shipping container and the 
minolta) scOontainer YWsed in firing the missile. These 
containers are usually refurbished for future use but the 
Mee) Of the container will not change with the philosophy of 
Wow a test should be conducted. Pieviecceecexanple of an 
Mireenaonple ;coOst would be the cost of facilities used in the 
missile testing program. SUVieeotvceawi ll “also be a factor 
in evaluating alternatives. PMs COste win this etudy would 
Pieridae sitems Currently in inventory, such as a REM that has 
been purchased by the Government. 

Peewee clumeGcOStSss can not always be definitive. Coats 
mavelved in each missile can easily change with the location 
ere the missile test, the type of damage experienced from a 


missile hand ine. Dart= failures, Oe wf onding delays. 
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ier eh ore, average costs have been used in determining ese 
costs while other costs have been applied by using themjees 
application that is possible in establishing theseueera 
figures. For example, the total number of personnel wWworkaaae 
on the project may not be Known, but a reasonable assump 
can be made as to the minimum number of personnel assigned. 

The following costs willl Ge evahuacveae 

AUR@=mMiSsSi 16 Seesns 

Current and redesigned REM unit costs 

REM installation and refurbishment costs 

AUR refurbishment costs 

GFP recertification costs for the AUR Mim ere 

AUR missile and REM over and above refurbishment costs 

Transportation Costs for missile shipmeme. 

salvage COSts duping M2sSs tle) Cee) 

Recertification costs of an AURSnascare 

Personnel costs of those involved in the REM “pieleae 

Nuclear warhead removal costs 

RSS Unie “ane instal Wation "ceosm. 

Costs of missile recovery equipment 

Costs associated with the NTIK 
Bee ble Lik CO eres 

The AUR missile costs vary with the different missile 
Varlatvions. This is a factor of economies of scale fies 
production process and various complexities involveqciiam 
producing a missile. These include the more sophisticated 
guidance 'sets required in the TASM to the increased costsmiea 
compensating for a larger payload section in a convent tome 
warhead versusS using a nuclear warhead. Costs of missaiiee 
piara t will not be considered are the non-recurring 


procurement support costs and fleeU Supper e ee — ee these 


costs will not change with the additional purchase oi 
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ik Sys ILS Due to the relatively small number of missiles 
Pee (mem reclAaAtloOmwm sO. any production population it is 
projected that purchases of additional missiles ES 
compensate for destruction tests instead of recovery tests 
Will not change the economies of scale for procurement 
purposes. The number of SLCM test flights that are funded 
and approved are included in Figure 7. 

iit ees Orrin meotnuvartangasin 1967 dollars during 


mec, trom the JCMPO POM S&S report are as follows: 


COMPONENT UNIT COST (THOUSAND $) 
FLYAWAY COST TLAM-A TASM TLAM-C 
AUR S26 jae Oo 826 
Be@slnn 93 oe ge 
PAYLOAD ao rae 
ENGINE Bee 222 Zee 

PU 8 

CMRA ae 2X 28 
DSMAC G0 bs, 
RMUC (ag Es 
TOTAL ia ow }y pene io OG 


ico morc tred 1Or DrodueG: acceptance testing on 
mae tASM: Tne RMUC is the heart of the guidance set on land 
Eeeeack MmisSiles and is not required on the TASM. The DSMAC 
mmmeused On conventional land attack missiles, suctwas the 
TLAM-C and the TLAM-D. 

Wiemvoralwcost Ligure for a missile during FY8S through 
Peeooe does in fact decrease from as little as $39,000 to as 
much as $124,000 depending upon the variant, using 1987 
seliars. Pio omelbiistcrated by Ene cost of a TLAM-C which 


mero, willl cost $1,806,000 per missile, but in FY93 (JCM- 
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Clewemdees Report, 7987) the cost is projected to decrease 
Pomp iwoec 000. Of scourse , Seonomreasof ‘Scale and start-up 


focteeplay a major role in the savings. 


fee neh COSTS 


There are several facets to the cost of the REM. There 
Mmenwimeo costs of buying the unit from GD/C, Eve DoroOoduc tion 
Sosts Of improving the REM, and the number of times the REM 


eam eoe UtLT1lized om different OTLs. 

Mie wecOSstwot themapMe tn current use, as illustrated in 
Figure 8, range from $714K to $784K. There are currently 24 
REMs that have not been modified with the currently funded 


production upgrades (funded at $5.8M) and 5 REMs with 


Breoduction Me dised.c a.cainons (iImemludiie. an upgraded PCM 
encoder). There are 5 additional REMs scheduled for 
Selivery in FY88. As these items have already been 


memeracted for Or are already in inventory the costs will be 
wmomsidered SUNK costs. If the decision is made to purchase 
REMs of similar design an average cost of $748K will be 
used. DMemmproejcecrcd cOSt G1 purchasing a redesigned REM 
Peel be in the range of $444K to $515K depending on _ the 
mission peculiar kit required. An average cost of $470K 
melt be Used in this study. (General Dynamics, 1986) 
Pimple  TOnNcCOStSsused to accomplish the redesign of 
the REM include development costs, Prato Miabon FO product ton 


Mere) costs and development of TTP as illustrated in Figures 


ori 


UNIT COST COMPARISGN 
CURRENT REM 
VS 
REDESIGNED REM 
(FY86) 


CURRENT REM REDESIGNED REM 





REM UNIT 624K REM UNIT 441K 


BAPENDABLE Kit 85K 


MISSION PECULIAR KIT 3 TO 74K MISSION PECULIAR Kil Gye 


V2" TOs es 444 TO 515K 
oy E ek 


714 TO 784K 


COST SAVINGS OF $27 OK eine. 


(General Dynamics, 1986) 


Figure 8. Current REM vs Redesigned REM cost) Genpaa 
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9 and oe These Gos us will be Moneeeurring af ter the 
Mme raiemiumding for the project, Waten ais estimated to be 
Teele as orem ne s0 Maren I9S878REM program status report. 
Of this amount $5.8M has been funded and is considered sunk 
GOS. Therefore, the viable cost to be considered is the 
$15.6M that remains unfunded. Of this amount $1.6M is for a 
Pecvieescommitment, as rllustrated=in Figure 11. For hes 
study the $14M cost is divided over a five year payback 
period and 18 OTLS per year. tiicmamounts to an additional 
eect Of $155,556 per filient. iMememould be WMewed that if a 
shorter payback period is considered the cost per flight 
micreasecs. 

ive “cost of a REM can be broken down into a cost per 
OTL. Po Crm tc Ne wbentoamotnmOocropersI963 through August 1986, 
seven REMsS were rendered unusable during the course of 
meee by=-nine REM installed OTLs, PIrnaniaavertelon rate of 
oe ae ihits albews Seach REM to bevtsed an average of 5.55 
times during an average life cycle (this is determined by 
feviding the attrition rate of 18% into a possible 100% 
Success rate). ims tOlldmbe Motedesthat in interviews with 
Bersonnel from the CMPO and GD/C, EMemOoriecinal projection 
Pelseeemat the REM could be used a total of four times unless 
ifmewas Gisabled in an unsuccessful test flight. To date, 
none of the current REMs in use have been used more than 
mour times. However, all personnel interviewed from _ the 


CMPO and GD/C concluded that there is no design deficiency 
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REDESIGNED REM NON-RECURRING COST 


DEVELOPMENT - CDR 
ENGINEERING DESIGN 
DEVELOPMENT HARDWARE FABRICATION 
DEVELOPMENT HARDWARE TESTING 
DEVELOPMENT COST $5.0! 


TRANSITION TO PRODUCTION (TTP) 
CONFIGURATION MANAGEMENT 
INSTALLATION ENGINEERING 
TQOLING/PLANNING 
VENDOR 
IES 
EMV/RANGE COMPATIBILITY TEST 
SECTION/COMPATIBILITY TESTING 


QUALIFIED REM 

ONE (1) FIRST ARTICLE REM 

TIP COST $15,1M 

TOTAL NON-RECURRING COST $20.9 
(Cruise Missile Project Report. hoa. 


Figure 9. Redesigned REM TTP and Development cae: 
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REDESIGNED TASM RSS NON-RECURRING COST 


DEVELOPMENT /TIP 
ENGINEERING DESIGN 
INSTALLATION ENGINEERING 


PLANNING 
TOTAL NON-RECURRING COST $ 0,0" 
TOTAL PROGRAM NON-RECURRING COST $20.9! 
$21.4M 
- 5,8! 


Peruse Missite Project Report, 1986) 


Powerc ewe necdestened REM Nen-Recurring Costs 


FUNDING REQUIRED FOR REM DEVELOPMENT 


TIP sist 
RSS —_M 
TOTAL. $15,.&" 
GLCM COMMITTMENT $1.6" 
FY85 $1.0" 
$2.6! 
TOTAL UNFUNDED REQUIREMENT $15.6! 
om 


merutise Missile Project Report, 1986) 


Figure 11. Redesigned REM Funding Requirements 
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that would prevent a REM from being used until it is ieee 
PAroush av Grease: The per flight cost of a REM instageeee 


in an OTL mrssile ts as felons. 


CURRENT REM REDESIGNED REM 
$748K / 5.55 = $470K / 5.55 = 
Gl eee ES $84,685 


De REM REFURBISHMENT iS Tae ete ee ee. 

Costs involved in REM refurbishment/installation tiem 
the cost of labor to put a used REM back into rewSseaaie 
CONG 1 ioe cost of GFP, cost to recertify various pile@@eemes 
equipment contained in the REM, and cost to install thei 
ale) girs Wala ell gies 

Under the contract of 16 July 1986 REM installavisawe 
cost $265,347 pereins €aleeaerene Under the contract Qi. 
November 1986, material and services necessary to install 
REMS into an OTL missile has escalated to a unit COS Um 
boO Og ise 

An AUR to be utilized in an OTL and recovered shall 
have a REM installed prior to fligntm The government 
furnished REM shall consist of recOVery ) systems, data/ 
telemetry systems, and range safety equipment suitable 
for the test range to be it kezZeds: Prea@ng te 
installation “in the air veneer the REM shall undergo 
testing andginspection. (JCM=1962 prea 1 Scie 


ia accordance with the 26 November 1986 contract, 


materials and services necessary to refurbish the REM) alive 


ans JOT has ~a unit cost of S4e core This cost iS jem 
included in the cost to purchase or Gace: the REM. it 
does, however, provide for labor costs necessary to Drie 
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the REM back to reuseable condition. Unexpected damage to 
Diem ise ioOL Covered tm this cost figure, these costs will 
be addressed in the section dealing with over and above 
Bests ee (fe Malerial Costs deo not include recertification of 
CPP or replacement of the REM expendable kit or a mission 
weculiar kit. 

nS (eel lustrated Sane eure we ; piaeoeee P “For Che @REM 
expendable kit consists of over 50 separate parts which cost 
Mase ceome (this cost is in-1984 dollars). The REM mission 
peculiar Kit ror a SLCM depends on the missile variant used. 
The mission peculiar kit for a TLAM-A (R/UGM-109A) eos ts 
mere wintle time mission peculiar kit for a TASM (R/UGM- 
meee) costs $31,478. The government equipment provided in a 
PiieeconSists of the RCUR/Decoder (part number 76A0394-5). 
mime Unit is recertified at the Pacific Missile Test Center 
Bete eet. Magu, California. The cost to accomplish this 
Moor, G0. Including transportation costs, which are 
Memsidered minimal, for this study. 


Contract No: NO0032-84-C-4484 
Comirel No: CM81-618-06 


ITEM SUPPLIES OR SERVICES OTY Uitte PRICE TOTAL PRICE 
0027 REM Expendable (REM-X) 12 WS oes $985,699 
Meret or R/UGM=109A, B, 
Cmevoh)) (Heaps 76-410) 
0028 REM Expendable (REM-X) fi Cie 3 50, 7 o 


Piet or we GaM—109G 
CUS) bebe 76=—4 10 ) 


meee |2e Excerpt From 19 December 1984 Contract REM-X Kit 
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BE. AUR REFURBISHMENT AND MISSILE GFP REGER Ta 


Refurbishment consists of those maintenance aeume 
required to rebuild réccovercd sare gel Benley 28) ue. AURSe 
Components and body sections may be damaged during Gee 
flight and subSequent recovery acti Bene Refurbdisn= 
ment shall include disassembly; decontamination; removal 
of parts and assemblies for test, répair, or replaccwews 


OL expended items, reassembly and reves ct. The 
refurbishment AUR is delivered as a fully rece. 
missile. (JCM=1963% p.44,5 1965) 

Under the contracts illustrated in i207 ceeee Cie 


average cost for basic supplies and labor Sé€rvi¢el yee 
refurbish an AURQ afer 219 ore is $247,307 for  tmiseanie 
that were tested between December 1985 (T-265) and August 
(O86. (l=—3 poe Under the 26 November contract, material and 
services necessary to decontaminate recovered flight Sipe 
missiles and remove the SLCM REM is $33,078 per missile. 


Contract No: NOQOO32=86=cCScumm 
Gont ro Mao. NO0032-86-PR-60730.03 


L0TEM: SUPPERS SO neo b eer Ci UNTER eRe TOTAL PRiGis 





0106 AUR Refurbishment 3 $2419 $729 an 
RGM-109A-1 (T-258, 
Te 6 ete 


0107 AUR Refurbishment 1 $249,158 $2 4 Quelle 
UGM-109A-1 (T-265) 


O10 AURS Re fut) 1s ame 1 $245,795 $245,795 
UGM-109C-1 (T-180) 


Contre Wehice CM81-658-06 


ITEM (hae TASK TOTAL FIRM FIXED (2Riae 





OnLine 1 Refurbishment of T-180 $25 (sacle 
(This represents a modification to Control No: NOOO32=cas 
Pie ©.07 3050.37) 


Figure 13. Excerpts From Contract No: NOOO32-86—-C—61 13 iaaas 
Modification of 28Feb&S63; AUR Rei urthwsehnew: 
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ioe ane Mbetisyeo Number Of parts that are provided 


Pomel Cee by “the Government to properly complete™ the AUR 


rPeturbishment. There are over 75 parts provided at a cost 
eee $3351 OD. haidiprona lly; a new rocket motor must be 
provided. The components for the motor cost $90,000 while 


Miew assembly of the components adds $40,000 to the cost. 
nae SecmmCOSTS dow nov counbl any parts that are damaged beyond 
ene normally expected items. 

Paco l MEU C= Me@ctc Or” Dringimes the missile up to 
Eeoirrements “smeludes the recertification of various GFPs. 
inesomumeluiae the RMUC (sent to Litton Industries), the CMRA 
(sent to Honeywell), the DSMAC (sent to the Naval Avionics 
Menmter), and the engine (sent to WIC). Thescocvus same | uded 


Mmm~erme recertification process amount to $83,000. 


Meee UR/REM OVER AND ABOVE REFURBISHMENT COSTS 

it (ecme <cO ti mmpincCe COMmtLract 1S used for repair of 
=urpment, that has some unknown damage possibilities, there 
ee USUally additional repair costs. Costs can occur while 
Peace tem missile Tor 1ts OTL or during refurbishment 
Seater the OL. 


Unscheduled maintenance can consist of two (2) types of 
requirements: Unscheeuledsemalmtenances and “unplanned 
rework maintenance. (ie ormecr wt chers to Tmalintenance 
required on missiles returned from government inventory 
for other than scheduled maintenance action. Repairs to 
De aecomplished will be determined from missile records, 
diagnostic inspections, AniGmvestseapetie Gepot(s) . The 
scenario ror unscheduled missile maintenance iS 
feebcaliy = variceag  diie to the unknown causes initiating 
such maintenance. Hitsesunscheduled malntenance will 
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therefore be accomplished by the depot(s) to the extent 
necessary to return of the AUR to an Operationally "rea 
condition. (JCM=19635 p45.) oo 
With “a REM Pre he. excess damage can occur from a hard 
landing or from hitting large rocks or trees during Pangaea 
Excess damage can be in the form of structural damage to the 
missile or damage to m2ssile7REMepa we Although not all 
missiles or REMs incur costs that are not Covered eee 
basic refurbishment or recertification contracts (OVer ume 
above costs), most do require some additional wore The 
over and above costs have had variations as great as $100K. 
For example under Contract NO0032-86-G-3009, T-926 
experienced costs of $3,844 while T-314 experienced costs of 
SI OSy Sie, 
Over and above costs may not be funded in the same year 


refurbishment costs are funded and funding may be applied to 


different comvraccs: Therefore, a definitive average of 
over and above costs 1S impractical wto dais cewn. from "hme 
Studyes: Standpeint. Accordingly, the average cost generated 


by CMPO of $48,000 will be used. 


G. -~TRANSHORTATION COsStTs 


Shipments of classified material require that special 


security precautions be taken. This includes dual drives 
protective service, protective security servic. exclusive 
use of the vehicle, and telephone notification of shipneme 


location and status en route. (JCMPINST 4601.14, p.1-25) eee 


Piemeoscte ot lil traliy= Shipping a missile sekected for an 
Ciro Gly © trom a Weaponswsltation or shipping a missile to 
pace rcaimemmeeiteretomeconstaqered only in the framework that 
if the NTIK system were adopted it would be applicable. Or 
Smo ltetuy a Missile Shipment from Naval Weapons Station, 
Seal Beach, Gat. ana agrmeturn shipment to the Utah Test and 
[eaining Range ({(UTTR) is considered. From information 
Beovme@ed by the CMPO the approximate cost to ship a missile 
Meommemocal Beach is9)$2,100 while the cost to UTTR is 
pee roximavely $8,200. 

After an OTL, only missile fragments from the destroyed 
Massile that are scattered about the destruction area 
Bequire ~shipment. However, a REM equipped OTL must be 
Pp pedmeack to GD/C for refurbishment. This could be from 
any test area. However, in most cases it will be from the 
UTTR, San Clemente Island, Naval Weapons Center, China Lake, 
Ga, or Tonopah Test Range, Nevada. Other test areas may be 
ei f Puerto RuCOouy. OF the Aleutian Islands. Pel ere 
refurbishment the missile is then shipped back to its 
destination, WheeehercOU Mewebe sy ork Lown , eae & Now fowl k, Va., 
meouon , COCO ecOorad., Ca., Pearl Harbor, Hawail, or Guam. 
Zeeeneeusine ULTIR the cost to ship a single missile to GD/C 
is approximately $8200. AS an average the cost to ship a 
[eessile to the East Coast is used. Thewelore; PAS 2cOSs tLe 
fee a Missile from GD/C to Norfolk, Va., as provided by the 


Military Traffic Management Command, Western Area, is $3954 
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per vehicle load (1.30 per vehicie mile plus .20 per mile 
for dual drive service time; 2636 miles) or approximacems 
$2000 if two missiles (which is a more realistic number of 
missiles that would be shipped together on one vehicle) are 


shipped. 


H. SALVAGE COsms 

Missile can be Launched from Land. sea, Or ade in tHe 
case of the SLCM, most launches are from sea )Ona@jeen 
However, almost all test launches are destined to touchdown 
Over -Land., The REM is equipped with a flotation devices 
the missile does g0 into the water, accidentals 
unfortunately, the damage to the missile from the SalUSWawe 


can be extenSive. 


After a land touchdown, the test range ensures’ the 
missile is safe, in relation to any unexpended portion wie 
payload. It then prepares the missile for shipment DaG@ihaee 
GD/C. The costs of a REM missile recovery is as Toltevwee 

RECOVERY slike COST 
UTR $255,200 
Tonopah Test Range, Nevada 225 026 
Naval Weapons Center, China Lake Ce ee 
San Clemente Island 15,6c3 


For pumposes of this study an average cost of Une =etaum 


recovery areas ($20,805) will be used. 


cee RECERTIFICATION COs: 
Although recertification costs do not directly) §a) 7a 


the cost to refurbish ays sc iece their costs do affect (iia. 
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overall analysis. eeowieitetoestorca fOr 36 months it must 
omc mimback tomGD/C shor recertification. However, if that 
Pane weiimeccmle (1s Used Go,gan OTL its “recertification clock 
Stars ain Ove ere er ClUrbishment mand the cost to 
recertit y tic imo ohbecmedocs = not occur. The general 
foi wlohe lomeiiadtea Missmle will be pulled from inventory 
Teh ww enrolment LES re@ertificatwon=time clock and@be used, 
acme ceslLing purposes. The average cost of a recertification 
Penetedmed  Dywime ChMPO is $202,000. This cost includes the 
Petiaevors., labor to recertify the missile, GFP, and any 
unscheduled maintenance. Usama this figure, a Cost 
maetoance or $101,000 (half the recertification time that 
is saved times the $202,000) is realized. However, 15, atlas 
meour avoldance will be realized only if the REM utilized 
Oils continue and refurbishment of the missile satisfies the 


recertification requirements. 


twee FERSONNEL COSTS 

A program of the magnitude of the REM project has 
WeWiiecanmt  —COstSs associated with personnel hired to work 
mie time on the program. [Taere are also employees that 
work part time Simro S a NDrOeramnm Without extensive 
esearch it is difficult to determine the exact number’ that 
do work on the REM progran. At the JCMPO headquarters in 


Mrsnington D.C. there are at least two individuals that work 


se) 


exclusively on REM analysis and policy. At DCAS GD/C thei 
is one individual dedicated to the program; however, there 
are several others that work nonexclusSively on the REM 
program. They may establish proper over and above COs@2uu 
the contractor, maintain track of government missiles peu. 
refurbished, or provide contract serve These part tame 
services, in themselves, more than make up the work ]Gtiea 
full time iandivaduai At the test ranges there are Many 
individuals that work on missile recovery tear If the 
missiles were destroyed versus recovered the numbers could 
easily be reduced. An FY88 proposal by the Naval Weapons 
Center, China Lake (currently designated as the techie 
direction agent for the REM redesign) indicates a need for 


8.6 man-years to work on the REM redesign at a cost of 


Ole e2 oN Since the redesigned REM program will take at 
least two years, it is presumed, Similar funds willie 
required over the next two years. some of the tasSkS Gouwyae 


accomplished with these personnel include: 


Technical design support 

Support of competitive bid/proposal evaluagtaen 
Monitor development of the new REM 

Monitor and evaluate design pertermance fica 
Monit@r and evaluate qualifications ee... 
Monitor and evaluate integration/interface tests 
Review and approval of all test plans 

Review design analysis 

Manage configuration and data management 

Review all drawings to ensure compliance with MILSTNDs 
Maintain master data package 


Costs of personnel at CMPO and DCAS will be Jistecda 


Government Service (GS) rating. Salaries for each pay level 


50 


will be taken at step 5. Perec weenmet its include 20.4% for 
retirement benefits, 3.7% for insurance benefits, and 1.9% 
for federal workers compensation, bonuses, ene. The 
iemlovwline = 15° a breakdown Of the “minimum estimated cost 
[iepartment of Defense Instruction 4100.33H, Sst) of 


personnel that work on the REM program: 


RATING YEARLY SALARY fone ites ers hE te lis BCEAL COST 
GS-13 S43), 69 | ball 5 412 Se ones 
GS-12 semen 2) | 9,597 46,508 
GS-9 25,454 eepeo les) re Ot (a 
GS-9 25,454 memes, Bye 8) e 

eA Paleo VO $34,245 PilOa yoo oS 


facing them totale personnel “costs, of $1,593,955 ($1.428M 
plus $165,955), and dividing it by an average of 18 funded 
best flights per year, OVeEGeMeenext four “fiscal years, 


mee en additional cost per test launch of $88,553. 


K. NUCLEAR WARHEAD REMOVAL COSTS 

When a TLAM-A is tested the nuclear warhead must be 
removed and replaced with a unit that simulates the weight 
etry tbution of this unit. The unit is a W80O JTA/NTA. 
memoval of thiS Unit under the contract of 26 November 1986 


mests $3,/{/6 per removal. 


feos UNIT AND INSTALLATION COSTS 

iieesan ODS missile is not to be recovered the test 
missile must have a government furnished RSS installed which 
fects the requirements of the range over which the missile 


Will be flight tested. The procedure is that a selected AUR 


5) || 


1s Shipped to the depot where a RSS package is instaueeue 
The missile is then transferred back to the “Slee tue 
testing. (JCM=1963, p. 245= 44 5oa 


A test flight not configured with the REM must thermeueae 


have a safety system installed. The RSS is the devas 
currently used Dywtne Clit Costs that are associated yasme 
this Sys tveme that are relevant to this study, are themes 


of purchasing the RSS and the materials and services 
(including labor) necessary to install the RSS into themes 
Wieisiniie. 

Under the contract of 26 November 1986 item 0211, the 
cost to install the wRss-tsei2 ieee or The cost to fabric 
and assemble a RSS, under a 1986 Form 1411, iS anw@avew 


cost of $235,305 for the BGM-109B and the BGM-109C megaman 


M. COSTS OF MISSILE REGOVERY OU Rel iaiien 

Bach fiscal year a portion of the SLOM (bude 
dedicated for the expenditure of fleet Support costs. ine 
Est s include Support equipment, tralnagae equipment, 
documentation, and Theater Mission Planning Center (30g 
equipment. For FY87 the cost was approximately $61M and in 
FY88 the budget calls for expenditures Gf over. oe A 
portion of these costs do go to the support of misslilewtec 
plies. This may include documentation or training@ied 
missile recovery or tools to ensure a missile 18 (~Trcope we 


prepared for shipment atter recever,. Costs for the iia 


De 


pone c tr, howe vor ware mot discernidDle from the remainder of 
fa Meee rNocOsto Vor ule eCnbtire missile project and this 
study does not attempt a breakdown. However, it should be 


item ot tactic m@emins 4 COSt to the REM project. 


Ne COotownooUc TATED, WITH THE NTIK 
When the NTIK is installed at the overseas depots: 


apecerttrt ied Wead crew Will decanister the missile and 
demate the W84 warhead. The NTIK will then be installed 
singe vreehniGceweeorder procedures. Pies tac lude 
connecting thewWl wiring harness. Test-unique functions 
such as W2 harness, antenna coaxial connection, and nose 
eone. inemallteronawt) |] be accomplishedwsusing additional 
Porm aul pub wee dwearechnical Sidata procedures. The 
Pecamms tered he wil be uploaded and Bit accomplished. 
Viconmercee Otemmon Suiccessi ul Bit, the AUR will be 
Gown Meaded and placed in»-a standard shipping container 
cor imeatemortemerthemCONUS for rlight test. Great care 
will be taken to enSure accountability of AUR components 
during. packings Them AUR will be flown to the designated 
rine Sacre SUpportealrtfield, then transported to the 
eer ieelal Site. ‘Comceprar of MGECM Flight Ey aula On 
per ar mencmandelLoecistics, p.2, 1986) 


Perpures 14 amd 15 depict the NITIK system design. 


iiemminnte COs Ommene GECMENTIK as $350K per unit. The 
Dect Eieht —costsmpem unit (includes reassembly of the 
Mmessile, Dige=1 Ieee s Line wana Calibration, and packaging 


mor oni pmene)ecosts $3e2kK. (Hill and Myers, p.4-6, 1986) 
(oot tei pnomiyliK an am OTL the test flight can be 


Sonadueted for theymaximum time that a non-test missile could 


be flown. Gogesm® icmeeposstble because the NTIK does not 
sesplace any of the fuel section of the missile, as is the 
@ase with the REM. The NTIK OTL can last an one and one- 


ieee NOours longer than is possible in a REM test flight. 
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This increases the costs at the test ranges Yanda 
tracking “Came The test ranges SUppOrTt costs totale 
additional $12.5K per hour or $10) (Seo eee The 
additional flight costs of an F-4 to track the “Wits 
during flight time is $4K per hour or $6K per OTL. (Hie 
Myers, p.10, 1936) 

Due to the different structure of the SLCM from Uhemeinee 
a variation of the NTIK, would have to be developed for each 
SLOM. The TLAM-A uses a W80 warhead versus the W84 warhead 
used in the GLCM. The nose cone areas of the TASM andes 
C are also different and would require an NTIK ioc 
diUPerent V.ditedca tiem’. No exact costs can be determined for 
these alternatives without soliciting the contractorstiiaa 
Dids, Development costs would be a big factor even Lieeie 


costs of a SLCM NTIK were similar to the GECu tine 


QO. COST ANAieySis 

As indicated, the costs of utilizing a REM Vary (iii 
those paid to the contractor through firm fixed prea 
contracts to the everyday operating costs of the projece 
OF & Ce. The. Maier cos ts. such as the GFP for the missaue 
and the REM installation, are the costs that can be divers 
associated with the missile refurbishments Cost factor aaa 
personnel or the recertification cost avoidance dare wie. 
invane bike, but they should be included as Costs | (Gua. 


DEOgran. Ar tervals if the REM program did not C€xlisS laa. 
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Hier sper sommelecited herein could have been utilized 
elsewhere, Cr Seto wo WemumVvacaletes May not have even been 


generated. 


The costs cited in this Chapter are summarized below: 


TEA E20 Sh 

Mrssile Costs 

TLAM-A pole OO. © 

TASM eo 0.0 Oe 

TLAM-C Peo Oo O00 
REM Unit Cost (per flight; per life cycle) 

Current Model (ec ae as: 

Redesigned Model 84,685 
REM Refurbishment He ene) Wy 
REM Tnstallation BGioeeny 
REM Expendible Kit oneoes 
REM GFP Recertification St 
AUR Refurbishment ea oe 
AUR GFP Required 231547005 
AUR Rocket Motor and assembly 73 0e 6.0 0 
PUR Parts Recertification S500 0 
REM Removal and Decontamination opera 0 vies: 
® er and Above Costs ioe OOO 
Beora Transporation Costs 0 ene) 
Salvage Costs BOOS 
Personnel Costs (per flight; 18 per year) 88,553 
Recertification Cost Avoidance (eG 200 CiO:} 
Nuclear Warhead Removal Seals 

When uSing average figures, such as number of tests 


flights per year or the number of times a REM can _ be 
Meorlized in a average life cycle, disparities in the figures 
can easSily materialiZe. eagiitimbnicomsnudy sbnhe ost swings 
TigMemmOocelir in the lower cost items (those under $100K). 
er S MicmcCi Ce UomOnmalyeechanses in operational factors on 


the outcome will be negligible. 


Di 


IV. ANALYSIS OF ALTERNATIVE, SORT. 


A. ALTERNATIVES REVIEW 

The analysis contained herein looks at alterna 
solutions to the procedures under which the REM Spr@eig 
CO UE de Die sie Wines The alternatives described may be either 
conventional oor unconventional in terms of present Spree 
Dat rosep hy. However, it 1s always healthy to look at a 
program that has been in existence as long as the KEM 
program from perspectives not previously considera Thais 
research study has not analyzed the cost of the prosgran iia 
LES seme ire eae nor does it make judgements on the way 
operational tests should Dereconductedt Instead, it analyzes 
the cost of testing an individual nisc1- All costs relate 
to the cost information provided “in Chapter ae The 
following alternatives will be discussed in this researen 
Study: 

Maintain use of the current REM model 

Buy a new redesigned REM model 

Don,t use REMs and destroy all @tes tami. sie. 

Use up in stock REMs, then destroy all test missiles 

Convert to use of the NTIK 

Compete the production/refurbishment of the REM 
B. MAINTAIN USE OF THE CURRENT REM MGUED 

Using the current REM model would mean scrapping |paame 


for the development of a new redesigned REM model. One of 


the reasons given for scrapping the current REM model § and 
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Cover venew production vo a new REM model was to increase 


reliability of the unit. However, since 1980 the REM has 
Met Beene tne cause of a Single failure of an OTL. Pigure, 13, 
Do taeren Ll describes both of these failures. Using the 


current REM does mean a missile would have to be demated if 
Poo lemma ccmrdrocovercd, af tergmunstallation. as 15 in 
Seu r ace vOomuMmer convenpeence of =pulling out am electronics 
suielf as would@ee pessiple on the redesigned REM. Benefits 
of having a new redesigned REM as described by GD/C_ are 
Mobustraved Mnerigure 16. CO@taranvols Use OF Mphes CUrrent REM 
mould Trequire purchase Of additional REMsS for use in future 
years, as villus tratedmrern Fipure 17. Therefore, REMS in 
imvenvery can mot be considered as sunk cost when using this 
evi On. Thieme areorwcUraontTIiVezg REMS in inventory, with 5 
more REMs scheduled for delivery in FY88. Wong) an 18h 


Meet ertOon rate @ene current supply will be exhausted in just 


over 6 years. REM turn aroundtime, from removal after an 
Sui ce ready forwusemcondition, would further shorten the 
eeatlability or the REM, without replacements. 


PC wr ecOc tuo! Ma eemSIne. The current REM model is 
mepicted in Figure 18. Meee Goat Gm $1.46M it may not seem 
= eoelel teialevesrc@muroisi, the test missile in the case of 
a TLAM-A or ae TASM, PaeCcheeGOeet —S$).43M and $1.58M, 
mopecvively.m@ Ihis ts especially true if one considers that 
Mmieera Projected inflation rate of 3.5% over the next three 


metro, the  ¢ost Of a OTL utilizing a REM will increase _ to 
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REM 
REM 
REM 
REM 
REM 
AUR 
AUR 
AUR 
AUR 
REM 


COSTS TO REFURBISH A CRUISERS wae 
USING THE CURRENT REM SMCriaE 


TPE 


Unit Cost (pemenlichce 
Refurbishment 

Installation 

Expendible Kit 

GREP KRecerti lf 1@aru end 
Refurbishment 

GFP Required 

Rocket Motor and assembly 
Parts Recertiemeatlion 
Removal and Decontamination 


Over and Above Costs 

EXUtha Trans pommel Os ts 
Salvage Costs 

Personnel Costs (per i lieu) 
ReEG€ertit ication “Ces s "Avoidance 
LO Cece s & 


COS] 


$1 3 ee 
48,007 
30C Rie 
(ogees 
877 

24 oO 
S23 eNOS 
1307005 
83 ;ciGe 
33,03 
48,000 
10; 208 
20,308 
88,553 
(101, Oa 
$1,461, dim 


Figure 18. Current REpmeccr. 


GZ 


Si. oom However, it must be remembered that if a REM isn't 
fmameeczed aasaetery systememust be installed. Therefore, the 
Pooeerouminstall an HSS must be considered. The relevant 


Commes Otome RSS WEtlized OTL is as follows: 


ITEM COST 
Poo Unatec Ost bcos OS 
Roo elms callation Cost Cals vege Of one) 
Bot alban ss .COStLs Hao Uo ha 


iiemetet GOstuny FO ULMNITzZewa REM In an operational test is 
$1,010,989 eos oS “lense S450, 374) when the RSS 
requirements are considered. This makes the use of the 
current REM a viable alternative in all SLCM variants’ able 


to effectively accomodate the REM. 


er BUY THE NEW REDESIGNED REM 

To buy the new REM will mean funding the necessary 
transition LO produc hin (TTP) COs bor ie eels 
mevernabtively,; decrease the costs of REM utilized OTL as the 
VipetneeecOst Ot (the new REM is less then the cost of building 
—Em@e Current REM model. This factor will be more significant 
mevyve to ten years into the program as the TTP costs are no 
monger afactor. PiemeestsS Will be Similar to the cost of 


eing@escnhe Current REM with the following exceptions: 


ITEM (Per Flight) GOSer 
Redesigned REM Cost Sensis: 
Rotel rlP Costs (bis eases 
Additional Personnel Costs cae oe 

CoctuseuoreWwes Chima Lake (%1.428M) 
Current REM Cost leer 5) 
Pore enddet tomal Costs New REM $184,799 
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Using a present value (PV) analysis of the projecuymwasem 
a cost of capital of 10% over the next 15  yeaesuieee 
following costs are provided (REM unit Savings is eq0ai0eee 
the cost per flight of the current REM, of $134,7/75, eee 
the cost per flight of the redesigned REM, of $84,685 gue 


18 test flights per year 


ITEM COSa NO. Py TOTAE 
SAVINGS YEARS FACTOR 
TL Pees tc $147,000. c Gre ] 1.000 $14, 0OO0R Gee 
Personnel) Coses 1, 42859000 2 kat Soo 2,478,294 
REM Unwe Sav ime oO |, o20 {2 t -o.0 om (6,85 (eee 
PV Cost Of Using The New REM $ 9,6207 eee 


Considering the high cost for TIP and the addt@aa 
personnel costs the purchase of a new redesigned REM can not 


be justified from strictly a2 costes t4n¢eus ue. 


D. .USE THE RSS ON ALL FUTURE TEST errr cw: 


As previously specified, if a missile does not utiles 
the REM a safety system must be installed. The RSS is the 
safety system in current use. Therefore, no matter whether 
the REM or RSS 1s utilized there is .a¥eccr. For the REMiame 


lees the $1.46M to refurbish the missile, and for the RSs 
is $450K for unit and installation costs plus the Cos teen 
new missile (costs vary from $1.4M for a TLAM-A to $10 CMa 
a TLAMSGH Unless the cost of utilizing a REM incréasemees 
faster than the cost of an RSS and a new fissile eee 


should be used on future OTLs. 
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Pee oecniice IN STOCK THEN USE THE RSS 

Wee oc REMS im Stock, apeempractivery of 5 new REMS in 
Pec omaidran |(SOLeaburerton rate the REMS in stock should last 
approximately 6 years. Sinee the REMS In Stock are sunk 


costs the real cost to redo a REM missile is as follows: 


a Cost 
Current REM Refurbishment Cost bale One (0 
Sicreneeneriunitt Costs (per flight) PA aes 
Updated REM Refurbishment Cost iydle, Siew eee Sia 
Fewever, §this temporary cost Savings of $134,775 over 18 


Poets for 6 years “Canmmot offset the costs of 
purchasing new missiles, at an average cost of $1.8M, in the 
Pater years of the program. Therefore, this is not a viable 


5) 0) elena ae 


feeecONVERT TO USE OF THE NTIK 

Thiemibb he as van alternate system to the RSS. TOUT Vize 
this system the Navy would be required to spend millions of 
Sellars in development and ITP costs. The Savings in 


Pel iZinewesthne — NTIK “over™ =the RSS would be only in the 


mMeeiuetion of installation costs. There are SLCM variants 
that are tested with an RSS, Bherevere, a cost analysis of 
Che use of the NTIK and Che Roo can be made. COs 


projections through the defense contractors will have to be 
meade Im order to present an accurate analysis of the 
emouation. But, in the overall analysis it does not appear 


Denmeticial to use the NTIK in place of the REM for the same 
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reasons it is not beneficial to use the Rss in peace eee 


Rohe 


G. COMPETE THE PRODUCTIONSO: Jeera 

As illustrated in this research study, deternuin tae 
true costs of utilizing the REM has been Gitte eae Currenr 
contracting procedures have corrected some of the problems 
Cie REM costs are broken down into Separate items ieee 


contract versus being grouped into the overall (~Tise ee 


COs ts. However, tracking the Spiraling costs of Chewiia. 
program 2S “ii aewre ane, OhR SmI jeycheir. Ine bie above 
EL1reums tances... although the costs have appeared to be 


increasing at a pace well above the current ravtvewiiem 
int haw om. For example, the average cost of a KEM alana 


Mission Peculiar Kit in Contract number N0Q0032-83-C-332390e0 


23 May 1983 was: $416,620. In 1987 the average cost was 
$748K. This represents an average cost increase Of “almoew 
16% per year over the last fourm carcce The cost me 


refurbish a REM in the contract of 23 May 1983 was ogee 
versus a cost of $48 7007 =in S4\)¢27— This represents an 
increase of over 10% per year. 

At these rates it may be cost effective to use the RSS 
in testiemphts ina matter™ot wearer These increases can 
be attributed, atLesbeast in ‘eter. to the use of a single 
SOUDCCE PGOM ir ac UOlme If these costs were in line WithGiae 


real inflation rates. during the past four years the jceem@ 
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increases should have been approximately 6% per year. 
Nadateronale=Cconmsclderattoms of learning curve factors and 
economies of scale should have also meant a decrease in 
eos US. 

Conve seem nore tiis mubiw=million dollar program will 
ited eri Keinn@Gd reverse the cost trends of the past. dsc 
may, itt ag iakccmmproduclLiWem of a new redesigned REM cost 
effective. However, this alternative requires more detailed 


amakys is. 


eae Ochre yee CONSIDERATIONS 

CUbrPeiuemecOoulbatlens With the Soviet Union call for vast 
decreases in nuclear weapons in Europe. If negotiations are 
mou Utt ul, the United States may have an excess of GLCMs. 


Due to the modular design of the Cruise Missile GLCMsS can be 


eemverted to SLCMs. However, this may produce an inventory 
of VeOlcmeEebe iS witar olin excess of those needed to 
beactically defend this country. tla, aicve 1a ekg Silanjarelle ie, 


moro them, be Deneficial to utilize a RSS or NTIK in OTLs of 
the Cruse Missile. bones relevant costs in this Slrcuation 
would be PicmposOm to lse a RSS versus a cost of $1.46M to 


Merlize a REM. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. ~~ CONCEUS Tens 

In a project the size of the REM program Change "OC@euma 
gradually over the course of time. In the case of the REM 
the program has continually expanded from itS CcCOnceD UTC 
Ene late. “oy Ges: During the present time decisions are 
being made as to the cost effectiveness of building a new 
REM. From the data presented in this research study, at the 
present time it is cost effective to utilize the RE} 
OlLEss The question becomes, what direction should the REM 
program take over the next several years? 

The most effective direction appears to be utilization 
of the current REM and scrapping the plans to build a ie 
redesigned REM. This is mainly due to the high costs 33 
and extra personnel costs. However, part of the problem may 
center around the single source strategy used by the CMPO. 
If the redesigned REM along with refurbishment was compeved 
between defense contractors, such as GD/C and MDAC, the cost 
might certainly.decrease over the long run. At least the 
high inflationary trends that currently exist in the progmag 
may cease. 

Considering cost factors while excluding techni@as 
factors, the TTP costs will have to decrease by over $OMeiem 


the redesigned REM to be cost effective. A decrease in the 
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So eo tes redes tanned "REM will also offset the costs for 
fd Le ae It should be remembered that 18 REM flights were used 
Soc Li ZolLiOmmaclOr. If fewer flight are planned or a 
Niet Oa Odeon Medmom tie Drogram is Sought the cost per 
Mento wliieenerease, since $14M is a high fixed cost. The 
Tt Mceccro May was e woe TOOT eh a cost to spend in relation 
Pomecurrentapuad@et COnNnStralnts. 

The use of the NTIK should be evaluated against the use 
Sembne Roo. To do this a preliminary evaluation can be made 
vice 7GCmmccurPrent icomtractor for the GLCM NTIK) as to 


feasibility and cost effectiveness. 


Be RECOMMENDATIONS 


The overall recommendation is to continue to use Che 


eurrent REM. [its ee rieerndesepuUrchase of the current REM 
model to meet outyear requirements. However, competition 
should be investigated for this program. Unrerrunavely, the 


size of the program may not allow the same type of dual 
pourcing that missile procurement experiences. 

i —substanmtital reductions Gan be made in the cost of the 
new redesigned REM the transition should then be made. 
Finallys POomMatit@adilnecost effectiveness of the program, one 
ov lL S10n of the program office should be given the 
Sellateral task of keeping track of all REM associated 


GoOsts. 
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Armored Box@baume nec rc 
Air Launched Grutce a tee. 
All=Up Keund 
Boeing Atrerart tt Cenpany 
Cruise Missiles! Prpojieeur tt tee 
Department of Defense 
Defense System Acquisition Review Council 
Digital Scene Matching Area Correlator 
General Dynamics Convair Division 
Government Furnished Equipment 
Government Furnished@=’ropemr, 
Ground Launched @Gruise Misemiec 
Joint Cruise Missiles Projecous ne 
Thousand 
kj seg Daltrey al 
McDonnell Douglas Astronautics Company 
Nau Gi cal Mares 
Non-Tactical InstrumentCatiteongiam, 
Office of the Secretary of Defense 
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Recovery Exercise Module 


10 
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SALT 


SCAD 


secDE? 


SLBM 


SLCM 
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ie 1 


TEMP 


TERCOM 


cor P 
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